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Background: With the use of decompressive craniectomy for traumatic brain injury (TBI) come a cor-
responding number of cranioplasties. TBI causes dynamic processes to commence or change during the
period from injury to recovery; hence, the role of the timing of surgical intervention should be
emphasized.
Aims: We attempt to identify the relationship between the timing of cranioplasty and neurological
outcomes following posttraumatic craniectomy.
Methods: In this 3-year retrospective study, 105 patients undergoing decompressive craniectomies and
subsequent cranioplasties for TBI were enrolled. We documented the patients’ demographic information,
including Glasgow Coma Scale (GCS) at admission for trauma. The follow-up period was terminated by
death or a minimum of 6 months after TBI. Glasgow Outcome Scale (GOS) at the end of follow-up was
used as an outcome measure. Unfavorable outcome was deﬁned as a GOS score of 1e3.
Results: The 105 patients included 71 male and 34 female subjects. The mean age was 41.94  19.73
years. Neurological assessment showed that admission GCS was 8.50  3.15, on average. The mean time
interval between cranioplasty and craniectomy was 78.84  49.04 days (range, 13e245 days). Univariate
logistic regression analysis showed that the association between the timing of cranioplasty and unfa-
vorable outcomes was not statistically signiﬁcant (odds ratio ¼ 1.005, conﬁdence interval 0.997e1.013;
p ¼ 0.195).
Conclusion: The timing of cranioplasty following posttraumatic craniectomy was not related to the
neurological outcomes of TBI. Despite the limitations of the retrospective design, the analyses provide
preliminary information to elucidate the question.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
In patients with traumatic brain injury (TBI), decompressive
craniectomy (DC) is an effective means of controlling high
intracranial pressure.1,2 Though DC is a life-saving measure, it
may necessitate a second cranioplasty surgery for survivors to
replace the bone. Repeat surgery inherently increases the risks
of morbidity or mortality, and furthermore, the appropriate
timing of this staged procedure remains a problem. When
considering the timing of cranioplasty, predominant concerns in
the literature include residual brain swelling, risk of infection,ery, Kaohsiung Chang Gung
District, Kaohsiung, Taiwan.
H. Huang).
ciates Ltd. Published by Elsevier Ltand hydrocephalus.3e5 In fact, the neurological outcomes are of
fundamental importance to the heterogeneous condition of TBI.
Age, Glasgow Coma Scale (GCS), pupil reactivity, computed to-
mography (CT) abnormalities, and systemic insults (hypoxia and
hypotension) are established relevant factors related to outcomes
in patients with moderate and severe TBI.6 Thus far, the timing of
cranioplasty in relation to neurological outcomes in the popu-
lation undergoing craniectomies for TBI has not been well
analyzed. The issue of the optimal time interval is particularly
meaningful not only for patients and their families, but also for
the clinicians who have to make a decision on timing.
Consequently, in this study, we retrospectively collected the
clinical details of patients undergoing DC for TBI, and analyzed
neurological outcomes after cranioplasty procedures. We attemp-
ted to identify the relationship between the timing of cranioplasty
and prognosis following posttraumatic craniectomy.d. All rights reserved.
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2.1. Patient collection
From January 2006 to December 2008, 201 patients underwent DC for TBI at
Kaohsiung Chang Gung Memorial Hospital, a 2754-bed acute care medical center in
southern Taiwan. We excluded 59 patients who died before cranioplasty, 24 who
refused a second operation because of risks, and 13 that were lost to follow-up. Thus,
a total of 105 patients undergoing subsequent cranial reconstruction were enrolled
for the analysis. The patients’ charts were retrospectively reviewed after approval by
our Institutional Review Board. We documented the patients’ demographic data,
Injury Severity Score (ISS), pupil reactivity, GCS at admission, and the time interval
between cranioplasty and DC.2.2. Neuroimaging evaluation
The patients underwent CT of the brain soon after arrival at the emergency
room. Follow-up CT scans were obtained in cases with acute onset of focal neuro-
logical deﬁcits, progressively disturbed consciousness, or absence of neurological
improvement. The following features on CT scans before DC were evaluated: (a) the
presence of subdural hemorrhage, subarachnoid hemorrhage, intraventricular
hemorrhage, epidural hemorrhage, contusional hemorrhage, or skull fracture; (b)
the status of basal cisterns, subdivided into normal, compressed, or absent; (c) the
degree of midline shift measured as the deviation of the septum pellucidum from
the central position.Table 1
Clinical characteristics of 105 patients in terms of neurological outcome.
Total cases
N ¼ 105
Unfavorable
outcome
N ¼ 37
Favorable
outcome
N ¼ 68
Mean age (year) 41.94  19.73 51.89  18.52 36.53  18.31
Gender
Male 71 (67.6%) 25 (67.6%) 46 (67.6%)2.3. DC indications and techniques
The clinical indications and roles of DC for TBI were as follows.7 Primary DC was
deﬁned as surgical decompression, with or without brain tissue removal, primarily
for the evacuation of any type of intradural lesion. The aim of prophylactic cra-
niectomy was to avoid expected postsurgical increases in intracranial pressure.
Secondary DC was performed in patients whose high intracranial pressure was re-
fractory to medical treatment. Any patient who had undergone an initial surgical
procedure to evacuate a space-occupying lesion, and subsequently developed
delayed brain swelling, was also indicated for secondary DC. When brain swelling
was limited to one cerebral hemisphere, unilateral hemicraniectomy was per-
formed. For bilateral hemispheres or frontal swelling, bilateral hemicraniectomy or
bifrontal craniectomywas chosen, respectively. The dura mater was opened, and the
opening was extended to the bone margins. The brain surface was covered loosely
by the remaining dura or artiﬁcial dural substitutes. The bone ﬂaps were stored in a
deep freezer at 75 C for various time periods.Female 34 (32.4%) 12 (32.4%) 22 (32.4%)
Mechanism of head injury
Trafﬁc accident 86 (81.9%) 27 (73.0%) 59 (86.8%)
Fall accident 18 (17.1%) 10 (27.0%) 8 (11.8%)
Others 1 (1.0%) 0 (0.0%) 1 (1.5%)
Mean ISS 25.76  6.63 26.70  7.81 25.25  5.89
Mean GCS at admission 8.50  3.15 7.54  3.48 9.03  2.85
Pupil reactivity at admission
Both reacting 68 (64.8%) 20 (54.1%) 48 (70.6%)
One or both non-reacting 37 (35.2%) 17 (45.9%) 20 (29.4%)
Features of CT at admission2.4. Cranioplasty indications and techniques
All subsequent cranioplasties were performed with autologous bone ﬂaps if the
presence of slack brain and medical status allowed reconstruction. The layer for the
replacement of the bone fragment was dissected between the myocutaneous ﬂap
and the dura-like layer (neo-dura) or artiﬁcial dural substitute. The margins of the
craniectomy defects were exposed, and the bone ﬂaps were ﬁxed in their original
positions using wires or titanium plates with screws. As prophylaxis, all patients
were intravenously administered with pre- and postoperative antibiotics.Subdural hemorrhage 91 (86.7%) 33 (89.2%) 58 (85.3%)
Subarachnoid hemorrhage 86 (81.9%) 34 (91.9%) 52 (76.5%)
Intraventricular hemorrhage 7 (6.7%) 4 (10.8%) 3 (4.4%)
Contusional hemorrhage 63 (60.0%) 24 (64.9%) 39 (57.4%)
Epidural hemorrhage 17 (16.2%) 3 (8.1%) 14 (20.6%)
Skull fracture 65 (61.9%) 17 (45.9%) 48 (70.6%)
Status of basal cisterns
Normal 17 (16.2%) 2 (5.4%) 15 (22.1%)
Compressed 68 (64.8%) 26 (70.3%) 42 (61.8%)
Absent 20 (19.0%) 9 (24.3%) 11 (16.2%)
Midline shift (mm) 7.49  5.09 8.93  6.20 6.70  4.222.5. Complications related to the timing of cranioplasty
Neurosurgical site infections after cranioplasty were classiﬁed as follows: scalp
infection; bone ﬂap osteitis; meningitis-ventriculitis; brain abscess or empyema.8,9
For each patient, only the most severe infectionwas recorded. Hydrocephalus before
cranioplastywas diagnosed in patients who had a progressive increase in ventricular
size and needed permanent shunting of the cerebrospinal ﬂuid. Correlation of hy-
drocephalus with the clinical examination was attempted, but often proved difﬁcult
due to the severe neurologic deﬁcit.4Interval from head
injury to DC
&24 h 84 (80.0%) 29 (78.4%) 55 (80.9%)
>24 h 21(20.0%) 8 (21.6%) 13 (19.1%)
Indications of DC
Primary 102 (97.1%) 35 (94.6%) 67 (98.5%)
Secondary 3 (2.9%) 2 (5.4%) 1 (1.5%)
Interval between
cranioplasty and DC (day)
78.84  49.04 87.32  55.43 74.22  44.95
Neurosurgical site
infection after cranioplasty
10 (9.5%) 2 (5.4%) 8 (11.8%)
Hydrocephalus
before cranioplasty
21 (20.0%) 16 (43.2%) 5 (7.4%)2.6. Outcome assessment
The follow-up period was terminated by death or a minimum of 6 months after
TBI (range: 3e61 months; mean: 25.96  15.61 months). Neurological outcome at
the end of follow-up was assessed using the Glasgow Outcome Scale (GOS) as fol-
lows: 1 ¼ death; 2 ¼ persistent vegetative state with inability to interact with the
environment; 3 ¼ severe disability with inability to live independently, but the
ability to follow commands; 4 ¼ moderate disability with the ability to live inde-
pendently but inability to return to work or school; and 5 ¼ mild or no disability
with the ability to return to work or school. For use as dichotomous variables, un-
favorable and favorable outcomes were deﬁned by GOS scores of 1e3 and 4e5,
respectively.2.7. Statistical analysis
Data were analyzed using SPSS version 12.0 (SPSS Inc., Chicago, IL). Categorical
and continuous variables are presented in percentage and mean, respectively. Lo-
gistic regression was performed to identify factors associated with unfavorable
neurological outcomes. Results are expressed as odds ratios with 95% conﬁdence
intervals. A p value of less than 0.05 was considered statistically signiﬁcant.
3. Results
General epidemiologic data and stratiﬁcation by neurological
outcomes are listed in Table 1. The 105 patients who underwent DC
and subsequent cranioplasty included 71 male and 34 female
subjects. The mean agewas 41.9419.73 years. Themechanisms of
head injury were as follows: 86 trafﬁc accidents, 18 fall accidents,
and 1 other cause. At admission, the mean ISS was 25.76  6.63
(range, 16e57). Neurological assessment showed that the mean
GCS was 8.50  3.15. Pupil examination identiﬁed 68 patients with
2 reacting pupils, and 37 patients with one or both non-reacting
pupils.
The individual CT scan features included 86.7% SDH, 81.9% SAH,
6.7% IVH, 60.0% contusional hemorrhage, 16.2% EDH, and 61.9%
skull fracture. The status of the basal cistern was normal, com-
pressed, and absent in 17 (16.2%), 68 (64.8%), and 20 (19.0%) pa-
tients, respectively. The mean midline shift was 7.49  5.09 mm
(range, 0e22.20 mm).
Primary DC was performed in 102 of the 105 patients, and
secondary DC for the control of refractory intracranial hypertension
Fig. 2. Percentage of complications by stratiﬁcation of timing of cranioplasty.
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head trauma was performed in 84 patients, whereas 21 patients
were treated with delayed surgery (>24 h after injury). Unilateral
frontotemporoparietal hemicraniectomy was performed for 98
patients. Two patients underwent bilateral hemicraniectomy and
5 underwent bifrontal craniectomy.
The mean time interval between cranioplasty and DC was
78.84  49.04 days (range, 13e245 days). Fig. 1 shows the dis-
tribution of the timing of cranioplasty following DC for the 105
patients. Neurosurgical site infection occurred in 10 patients after
cranioplasty and consisted of 4 scalp infections and 6 brain ab-
scess or empyema. The rate of neurosurgical site infection in the
unfavorable outcome groups was 5.4%. Hydrocephalus before
cranioplasty occurred in 21 patients and all underwent cere-
brospinal ﬂuid shunting procedures. The incidence of hydro-
cephalus in the unfavorable outcome group was 43.2%. The
incidence of complications and the time to cranioplasty are
shown in Fig. 2.
One of the 105 patients died from pneumonia with respiratory
failure during hospitalization for cranioplasty, and 6 patients
died after discharge. The overall mortality rate was 6.7% at the
end of the follow-up period. In addition, 15 patients (14.3%)
remained in a vegetative state, and 15 (14.3%) showed severe
deﬁcits. Thirty-eight patients (36.2%) had moderate deﬁcits, and
30 (28.6%) showed good recovery and social reintegration. As a
result, thirty-seven patients (35.2%) had an unfavorable outcome,
and 68 (64.8%) had a favorable outcome at the time of the ﬁnal
evaluation.
Logistic regression analysis for unfavorable outcome was per-
formed using the timing of cranioplasty and established predictors
of outcome after TBI (age, GCS, pupil reactivity, and CT abnormal-
ity).6,10,11 The univariate model revealed that the timing of cranio-
plasty was not signiﬁcantly related to unfavorable outcome (odds
ratio ¼ 1.005, conﬁdence interval 0.997e1.013; p ¼ 0.195). The
overall results of univariate logistic regression are presented in
Table 2.Fig. 1. Distribution of timing of cranioplasty following decompressive craniectomy.4. Discussion
DC reduces medically refractory intracranial hypertension, and
it is a valuable tool in the management of severe head injury.12e14
However, the prognosis of patients after DC is highly variable and
unsatisfactory for some survivors. In a prospective study, Jiang
et al. enrolled 241 patients undergoing DC for severe TBI, and
reported that at the 6-month follow-up, 71 (30%) had severe
disability and 9 (4%) were in a vegetative state.13 In a series of 176
patients, Ho et al. concluded delayed neurological recovery after
DC was common, but there were still 34 severely disabled and 5
vegetative patients at the 18-month follow-up.15 Although the
factors relevant to outcomes have been documented, all were
based mainly on admission characteristics, including age, GCS, and
pupil status.16,17 Information obtained during the subsequent
clinical course may further contribute to outcome determination.
With the use of DC comes a corresponding number of cranio-
plasties performed to replace the bone defects created. It is un-
known whether the variables of this second operation have an
impact on neurological outcomes after TBI.Table 2
Univariate logistic regression analysis of potential predictors and timing of cranio-
plasty for unfavorable outcome.
Unfavorable outcome
Odds ratio (95% CI)
P value
Age (year) 1.045 (1.020e1.071) <0.001
GCS at admission 0.848 (0.735e0.978) 0.024
One or both non-reacting
pupils at admission
2.040 (0.889e4.682) 0.093
Subarachnoid hemorrhage 3.487 (0.944e12.881) 0.061
Intraventricular hemorrhage 0.381 (0.080e1.802) 0.223
Epidural hemorrhage 0.340 (0.091e1.272) 0.109
Status of basal cisterns
Normal 1.000
Compressed 4.643 (0.981e21.970) 0.053
Absent 6.136 (1.101e34.214) 0.039
Midline shift (mm) 1.092 (1.006e1.185) 0.036
Timing of cranioplasty (day) 1.005 (0.997e1.013) 0.195
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purposes. From the pathophysiological point of view, cranioplasty
appears to have a marked effect on postural blood ﬂow regulation,
cerebrovascular reserve capacity, and cerebral glucose meta-
bolism,18 but a review of the clinical literature reveals controversy
with regard to the curative effects of cranioplasty. Improvements in
general cognitive function and motor deﬁcits following cranial
reconstruction have been described in a few case reports.19,20
Furthermore, Stiver et al. examined 38 patients with long-term
follow-up after DC for TBI. They found delayed monoparesis in 10
patients and reversal of the weakness following cranioplasty
repair.21 In contrast, Heidi et al. collected 23 patients undergoing
cranioplasty for prior DC, including 15 trauma and 8 non-trauma
cases.22 The authors presented no evidence that cranioplasty has
an effect on GCS in addition to the expected time-based recovery.
There is doubt that the documented beneﬁts of cranioplasty may
partially or completely result from spontaneous neuronal
improvement. Actually, severe TBI causes dynamic processes to
commence or change over time from injury to recovery, and the
importance of the timing of surgical intervention should be
emphasized.
The optimal timing from injury to DC is controversial, but is
accepted to be within 24 h after injury.17 The rationale for early
decompressive surgery is based on improving cerebral perfusion
and preventing ischemic damage. As for cranioplasty surgery, the
role of the time interval from DC to cranial repair in determining
prognosis is not clear. To the best of our knowledge, this is one of
the few studies to focus on the relationship between the timing of
cranioplasty and neurological outcomes of TBI. Although the results
show that no speciﬁc time frame was predictive, this data provides
additional information for clinicians to assist with therapy-
planning. We consider that the timing of cranioplasty should not
be viewed as a determinant of the neurological outcome. In most
studies, the timing is usually used as a cut-off value for early and
late cranioplasty.3,5,23 We have analyzed the association between
timing and outcome in a continuous way, and believe that a fairly
relation across time frame approximates the reality. However, there
exist limitations in the evaluation of neurological outcomes. The
GOS was used because of its widespread availability, but it may be
insensitive to functionally signiﬁcant differences in performance.
Moreover, the GOS is pseudo-ordinal and dichotomized into
favorable and unfavorable outcomes, which further reduces the
sensitivity. Other disadvantages of this study were related to its
retrospective design, as follows: The assessment of neurological
status is less complete and accurate than in planned research. The
period of evaluation of neurological outcomes varies and follow-up
information is difﬁcult to obtain without scheduled returns to the
clinic. A number of patients recover neurologically more than 6
months after TBI, but long-term results may be absent in the
evaluation.
The timing of cranioplasty has generally been discussed because
of complications including infection or hydrocephalus in the
interim period.24,25 Investigators have historically believed that
early cranioplasty is associated with greater morbidity resulting
from insufﬁcient scalp conditions or unresolved trauma insult, but
recent publications have espoused an alternative view.23 Chun et al.
found that early cranioplasty (within 1 month after DC) provides a
satisfactory securing dissection plane during operative procedures,
without causing additional complications, such as infection, sub-
dural hygroma, and brain parenchymal damage.3 Beauchamp et al.
reported delayed cranioplasty (3e6 months post-DC) does not
seem to lower post-cranioplasty infection rates or the need for
cerebrospinal ﬂuid diversion procedures.4 They emphasize per-
forming cranioplasty as soon as there is resolution of brain swelling
on the CT scan, to lower the overall cost of care by eliminating theneed for additional hospital admissions. In this series, we examined
the incidence of neurosurgical site infection and hydrocephalus
based on the timing of cranioplasty. The results also showed that
the difference in the infection rate based on different time intervals
was trivial. On the other hand, there seems to be a trend toward a
higher rate of hydrocephalus in patients with late cranioplasty.
Since our study was aimed at the neurological outcomes of TBI,
further suitably-designed studies would be required to avoid se-
lection bias before drawing any solid conclusions about the inﬂu-
ence of the timing of cranioplasty on complications.5. Conclusion
Our results show that the timing of cranioplasty following
posttraumatic DC is not related to the neurological outcomes of TBI.
Despite the limitations of the retrospective design, the analyses
provide preliminary information to elucidate the question.
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